Background: Acetabular component malposition is linked to higher bearing surface wear and component instability.
O utcomes following total hip arthroplasty and hip surface replacement arthroplasty depend on multiple surgeon and patient-dependent factors. These factors may influence pain relief, hip motion, prevalence of instability, and lifespan of the components. Surgeon-controlled variables that may influence outcome are surgical approach [1] [2] [3] [4] , surgeon volume 5, 6 , component type 7, 8 , component placement 9 , and component fixation 10 .
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used in the United States, these goals have been utilized widely for several decades. Acetabular component malposition is a factor that contributes to increased dislocation rates, limb-length discrepancy, component impingement, bearing surface wear, pelvic osteolysis, and earlier revisions in the long term 9, 11, 12 . Dislocation after primary total hip arthroplasty affects between 0.5% and 5% 13, 14 of patients. Acetabular component orientations that fall within target ranges have a much lower prevalence of all types of dislocations, while components that fall outside the safe zone are associated with higher rates of dislocation and recurrent dislocations 11, [15] [16] [17] [18] [19] . Many studies have targeted the safe zone identified by Lewinnek et al. 11 , but ideal component positions have ultimately ranged between 5°and 40°for anteversion and between 30°and 55°for abduction [15] [16] [17] [18] [19] [20] . Components with high degrees of anteversion correlate with an increased prevalence of anterior dislocation, while those with a high degree of retroversion correlate with an increased risk of posterior dislocation 7, 11 . The advent and popularity of alternative bearing surfaces has been accompanied by new complications such as polyethylene liner fracture, acoustic phenomenon, metal sensitivity, and pseudotumors. Acetabular component position has been implicated as one of several causative factors for each of these complications [21] [22] [23] [24] [25] . Higher wear rates in both conventional 26 and hard-on-hard 27 bearings are seen with higher abduction angles. Abduction angles of >55°have been implicated in increased wear and edge loading 28 , as well as increased serum metal ion levels 27 . Increased abduction and anteversion angles have repeatedly correlated with higher serum metal ion levels following metal-on-metal hip arthroplasty 25, 27, 29, 30 . It seems component position is more important in these hard-on-hard bearings with less margin for error.
With such emphasis on acetabular component position, minimizing risk factors for malposition is desirable. A recent study at a large academic center with diverse faculty determined factors linked to acetabular component malposition during primary and revision total hip arthroplasty 31 . This group reported an independently increased risk of acetabular component malposition for surgeons with a low volume, with a minimally invasive approach, and in patients with a body mass index (BMI) of >30 kg/m 2 . Target angle ranges were set at 30°to 45°for abduction and 5°to 25°for anteversion on the basis of surgeon consensus and standards from previous studies. These included both hard-on-soft and hard-on-hard bearings, but were not separated in the analysis. Other studies with 
smaller numbers have failed to show a link between surgeon experience 32 or BMI 33 and component position. The purpose of this study was to examine the frequency in which acetabular components are placed within a determined target range. Furthermore, we examined surgeon and patientrelated factors to determine their impact on component placement. Specifically, this study was designed to (1) determine the number of optimally positioned acetabular cups in a large sample of patients after primary total hip arthroplasty and surface replacement arthroplasty on the basis of various patient-related and surgical factors using a different target range than previously reported and (2) to determine the independent predictors of malpositioned components and to use those predictors to calculate odds ratios for increased risk of malpositioning.
Materials and Methods

U
sing our prospectively constructed database, we identified 1911 patients (2137 hips) who underwent primary total hip arthroplasty or surface *The abduction range was 30°to 55°, and the anteversion range was 5°to 35°.
replacement arthroplasty from January 2004 through December 2009. The database was used to obtain information from each patient including laterality of the operatively treated hip; performing surgeon; age, sex, height, weight, and BMI of the patient; femoral head size utilized; acetabular cup outer diameter; surgical approach; and preoperative diagnosis. Patients were required to have a postoperative digital anteroposterior pelvic radiograph of acceptable quality including pelvic tilt, rotation, and leg position, according to criteria previously described by Callanan et al.
31
. Cross-table radiographs confirmed whether the component was anteverted or retroverted. Hips without adequate radiographs were excluded. This study was approved by the institutional review board.
Of the 1911 patients (2137 hips), 233 patients underwent either simultaneous or staged bilateral total hip arthroplasty or surface replacement arthroplasty. The second hip from these patients was excluded to avoid surgeon bias from the result of the first hip. Additionally, eighty-four hips were excluded because of a lack of acceptable radiographs and eight hips with a two-incision surgical approach were excluded because of a low sample size. From the remaining 1812 hips, 1549 total hip replacements and 263 surface replacements were analyzed.
The anteroposterior pelvic radiograph was measured using HAS software (version 8.0.1.7; Martell Hip Analysis Suite, Chicago, Illinois) to calculate the cup inclination and version angles. The reliability of this software has been previously demonstrated 31 . All radiographs were interpreted by a single author.
For the statistical analysis, we defined target ranges for abduction and anteversion for both total hip arthroplasty (30°to 55°and 5°to 35°, respectively) and for surface replacement (30°to 50°and 5°to 25°, respectively). These target ranges were determined on the basis of surgeon consensus of their goals for component placement during surgery. Eight variables were analyzed for correlation to acetabular component positioning. BMI was grouped by the World Health Organization classification, and the first two categories were combined with £24.99 kg/m 2 as underweight or normal weight. With 25 to 29.99 kg/m 2 classified as overweight, we then classified the obese in three categories: 30 to 34.99 kg/m 2 , 35 to 39.99 kg/m 2 , and ‡40 kg/m 2 . For descriptive purposes, ages at the time of surgery were divided into three groups: less than fifty years, fifty to seventy years, and older than seventy years. Femoral head size was categorized as <32 mm, 32 mm, and >32 mm. Three surgical approach categories were used: posterolateral, minimal incision posterolateral, and anterolateral. Diagnosis was divided into seven groups: osteoarthritis, osteonecrosis, developmental dysplasia, fracture, rheumatoid arthritis, tumor-related, and other (Legg-Calvé Perthes disease, slipped capital femoral epiphysis, posttraumatic arthritis, ankylosing spondylitis, psoriatic arthritis, and septic arthritis). Surgeon volume was divided arbitrarily into those performing fewer than fifty hip replacements per year or those performing fifty or more per year. The high-volume group contributed 1292 total hip arthroplasties and 263 surface replacements (86%), while the low-volume group contributed 257 total 1763
hip arthroplasties (14%). Surgeon experience was divided into two groups: highexperience surgeons were past their fifth year of practice, while low-experience surgeons were within their first five years of practice. Each hip was examined and placed into one of two groups. One group consisted of components that met both the abduction and anteversion targets. Malpositioned components did not meet one or both targets. The target ranges established for this study were also compared with target ranges previously established in the literature 31 for abduction (30°to 45°) and anteversion (5°to 25°). We examined the percentage of hips falling within one and two standard deviations of the mean for abduction and anteversion. Each patient and surgeon variable was analyzed using univariate analysis for rates of correct component position. From there, surgeon and patient-related factors for total hip arthroplasty were analyzed for significance through multivariate logistic regression to determine whether there was an impact on component placement. The final model included BMI, surgical approach, surgeon volume, and the interaction between surgeon volume and surgical approach. Only one variable (BMI) was found to be significant for surface replacement arthroplasty and was analyzed using the chi-square test.
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Results
F
or the 1549 total hip arthroplasties, the mean abduction angle was 46.3°and the mean anteversion angle was 16.5°, Scatterplot depicting the number of total hip arthroplasties (THA) within defined target ranges, indicated by the red lines, for both abduction (30°to 55°) and anteversion (5°to 35°).
ACCURACY O F ACETABULAR C O M P O N E N T P O S I T I O N I N H I P ARTHROP L A S T Y
while for the 263 surface replacement arthroplasties, the mean abduction angle was 43.0°and the mean anteversion angle was 12.9°. Overall, 1363 (88%) of the total hip arthroplasty components simultaneously met both our abduction and anteversion targets ( Fig. 1 and Table I ). Additionally, 50% of the total hip arthroplasty components were within one standard deviation of the mean for both target ranges, and 92% were within two standard deviations of both means. Of the surface replacement arthroplasties, 220 components (84%) met both our abduction and anteversion targets ( Fig. 2 and Table II ). The surface replacement components were within one standard deviation of both means 48% of the time and within two standard deviations 93% of the time. When a previously published range of abduction (30°to 45°) and anteversion (5°to 25°) angles was used 31 , lower percentages fell within the target ranges. Only 584 (38%) of the total hip arthroplasties and 172 (65%) of the surface replacement arthroplasties simultaneously met both of these targets.
A summary of component placement for each of the variables analyzed in univariate analysis is shown in Tables III  and IV for total hip arthroplasties and surface replacements, respectively. The multivariate analysis of risk factors for component placement outside target ranges for total hip arthroplasty is presented in Table V . Multivariate logistic regression analysis revealed that a BMI of ‡30, low-volume surgeons, and anterolateral approach had an impact on component positioning for total hip arthroplasties ( Table V) . The odds ratio for low-volume surgeons was 2.16 (p = 0.002) compared with that of high-volume surgeons for placing components outside target ranges. The odds of missing the target ranges increased by ‡0.2 for every 5 kg/m 2 increase in BMI. The odds of placing components outside target ranges was 5.05 times higher in patients who had an anterolateral approach compared with patients who had a posterolateral approach (p < 0.001), and the interaction between surgical approach and surgeon volume was significant (p = 0.001). Minimally invasive approaches did not have a significant effect on component placement. The odds ratios for the placement of surface replacement components were calculated using chisquare analysis (Table VI) Scatterplot depicting the number of surface replacement arthroplasties (SRA) within defined target ranges, indicated by the red lines, for both abduction (30°to 50°) and anteversion (5°to 25°). 
Discussion
A cetabular component malposition is a factor that contributes to increased dislocation rates, limb-length discrepancy, component impingement, bearing surface wear, pelvic osteolysis, and revisions in the long term 9, 11, 12 . The popularity of alternative bearings has brought about new complications that may be perpetuated by component malposition, and hard-on-hard bearings are possibly more sensitive to malposition than hardon-soft bearings 27, 28 . We designed this study to examine our accuracy of placing the acetabular component within our defined goals of abduction and anteversion for both hard-on-soft and hard-on-hard bearings. Using the acetabular component position along with surgeon and patient-related variables, we determined independent risk factors for acetabular component malpositioning.
There is little literature regarding possible risk factors for the malpositioning of acetabular components. In the most comprehensive study to date, Callanan et al. 31 examined a large number of primary and revision total hip arthroplasties and surface replacement arthroplasties. This group evaluated a heterogeneous mix of patients and procedures in both the revision and primary setting using different abduction (30°to 45°) and anteversion angles (5°to 25°) than we used in the present study. They demonstrated that a minimally invasive approach, a low-volume surgeon, and patients with a BMI of >30 kg/m 2 were independent risk factors for malposition of the acetabular component, but did not distinguish between total hip arthroplasty and surface replacement arthroplasty or between hard-on-soft and hard-on-hard bearing surfaces. We chose to examine only primary total hip arthroplasty and surface replacement arthroplasty, noting that desired acetabular component position may differ in the revision setting with respect to bone loss, deformity, retained femoral component position, and bearing type. Additionally, we utilized different goals for our acetabular component position. Rather than exclusively using the literature for guidance retrospectively, the surgeons developed a prospective consensus of what their goals for implantation during surgery were. In this view, we had an optimal target range of angles representing ''acceptable'' and not necessarily ''ideal.'' For example, the previous study 31 used a tighter range of abduction angles (30°to 45°). For total hip arthroplasty, our implantation goal was 45°, with a target range of 30°to 55°. We did not believe that our goal should be the upper limit of our target range with no margin for error with higher abduction angles. The same philosophy held true for anteversion angles in the total hip arthroplasty group. We recognized these target ranges were arbitrary so we also reported the percentage of cups falling within one and two standard deviations of the mean for abduction and anteversion. The target ranges that we chose closely approximated the ranges of values that were actually found in our cohort. ''Perfect'' acetabular component positioning is unlikely to always be achieved, but a surgeon should aim to place a majority of implants within an acceptable target range. Identifying an ideal range would allow surgeons to judge their own practices and try to improve their technique.
Despite the different ranges identified for this study, we too found low-volume surgeons and increased BMI to be risk factors for acetabular component malposition, similar to the findings of Callanan et al. 31 . The low-volume surgeon was 2.16 times more likely (p = 0.002) than the high-volume surgeon to have a malpositioned component. This supports the twofold risk determined by the previous group. Multiple studies have examined surgeon volume in relation to transfusion rates, readmission rates, length of hospital stay, dislocation, preoperative diagnosis, and other outcome measures 5, 6, 34, 35 . In our analysis, we differentiated surgeon volume and experience as separate categories and, to our knowledge, this has not been reported previously. One smaller study found surgical experience not to be a risk factor for malpositioned components 32 , while another found attending surgeons to be more accurate than residents 36 . Our analysis found no effect based on surgeon experience, with no difference between surgeons with high volume and low experience and surgeons with high volume and high experience. All of the low-volume surgeons in our present study were of high experience, indicating that consistent repetition over a short period of time may be more important than cumulative experience over a longer period of time.
We found an increased risk of missing the target with increasing BMI. While Callanan et al. reported a BMI of >30 as a 1.3-fold increase in relative risk, we found a more linear relationship. The risk of malposition increased by ‡0.2 for each 5 kg/m 2 increase in BMI throughout the range of BMI observed. Therefore, a patient with a BMI of 25 is at higher risk for malposition than a patient with a BMI of 20. This suggests a patient is at higher risk of malposition than another patient of smaller BMI.
The literature contains mixed results for this variable. Three studies indicated that BMI had no effect on acetabular component position 33, 36, 37 , while another showed that obesity (defined in the study as a BMI of ‡25) had a significant effect (p = 0.01) on component position when utilizing imageless navigation for implant positioning 38 . All four studies were limited by small sample sizes (between sixty-nine and 323 patients).
The current study did not find an increased risk associated with a minimally invasive approach. Multiple studies have described the excellent, equivalent clinical and functional outcome of different minimally invasive approaches [39] [40] [41] [42] [43] . However, they did not analyze acetabular component position. Williams et al. 44 compared acetabular component position after sixtyseven minimally invasive, two-incision total hip arthroplasties and twenty-eight standard total hip arthroplasties. The average abduction and anteversion of the acetabular components did not differ between the two groups. Hart et al. 43 found no difference in acetabular abduction or anteversion angles after sixty minimally invasive posterolateral total hip arthroplasties compared with sixty standard posterolateral total hip arthroplasties. Two other studies corroborated the absence of increased risk associated with a minimally invasive approach for total hip arthroplasty and surface replacement arthroplasty 36, 45 . Our study examined substantially more hips than all of those studies; however, our results mirrored those previously described. This is in direct contrast to the only other large study, by Callanan et al. 31 , which demonstrated a sixfold increase in risk of component malposition when a minimally invasive approach was used. In the present study, virtually all minimally invasive total hip arthroplasties (97%) were performed by two surgeons. The results, therefore, may be specific to the skill level of the surgeon, but it is clear that consistent positioning is attainable through a posterior minimally invasive approach.
Although the current study found an increased risk associated with an anterolateral approach, the majority of anterolateral approach procedures were conducted by low-volume surgeons. Therefore, it is unclear whether this risk is attributable to the surgeon or the approach.
The target ranges for abduction, anteversion, and both were achieved in 93%, 95%, and 88%, respectively, of the patients who had total hip arthroplasty, which is a high success rate. This means, however, that a substantial number of patients are outside this range. For this study group, this would mean that 114 patients missed the abduction target, seventy-seven missed the anteversion target, and 186 missed both targets. If the abduction target is decreased to 30°to 50°and the anteversion target to 5°to 30°, the numbers out of range increase dramatically as 411 patients missed the abduction target, 115 missed the anteversion target, and 493 missed both targets. This emphasizes the importance of surgical techniques and devices being relatively forgiving with regard to component placement. Whether cup positioning outside our target range is associated with poor clinical outcomes remains to be determined. Until such time as there is a major advance that leads to virtual elimination of outliers for acetabular component positioning, the use of components or bearing surfaces that have a high risk of major complications when positioned outside a defined range of acetabular component position should be undertaken with caution. n NOTE: The authors thank Humaa Nyazee, MPH, for her assistance with the statistical analysis for this manuscript.
